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We, The Upjohn Company, a corporation 
organised and existing under the laws of the 
State of Delaware, United States of America, 
of 301, Henrietta Street, Kalamazoo, State 

5 of Michigan, United States of America, do 
hereby declare the invention, for which we 
, pray that a patent may be granted to us, 
and the method by which it is to be per- 
• formed, to be particularly described in and 

10 by the following statement: — 

This invention relates to a process of 
encapsulation by liquid-liquid phase separation 
and to products resulting merefrom, and more 
particularly to a process of coacervation for 

15 encapsulating particles consisting of an oil- 
m-hydrophihe liquid emulsion and to the 
products thereof. 

As employed herein, the term lipophilic is 
applied to those surfaces having stronger 

20 attractive forces for low dielectric constant 
and non-polar media than for high dielectric 
constant and polar media. The term hydro- 
philic refers to those surfaces having stronger 
attractive forces for higji dielectric constant 

25 and polar media than for low dielectric con- 
stant and non-polar media. 

According to the novel process of this 
invention, the novel products hereof are pre- 
pared by first forming a primary oil-in-hydro- 

30 philic liquid emulsion (the oil being a lipo- 
philic liquid) containing one or more thicken- 
ing agents as hereinafter defined in the hydro- 
philic liquid phase. The primary emulsion is 
then dispersed in a coacervating solution com- 

35 prising a coacervating agent and an aqueous 
sol or solution of a coacervating colloid at a 
temperature above the gel point of the said 
coacervating colloid to produce a secondary 
emulsion, whereupon a coacervate deposits 

40 about the particles of the said secondary emul- 
sion, the particles being composed of the 
primary emulsion. 

Liquid-liquid phase separation refers to the 
separation of a solution or a sol of a poly- 



mer or combination of polymers or colloid 
into two distinct liquid phases, one designated 
as the polymer-rich phase and the other the 
polymer-poor phase.. Where the polymer-rich 
and polymer-poor phases are colloidal sols 
rather than true solutions, the phenomenon 
of phase separation is herein designated as 
coacervation." Thus, a coacervate is a polymer- 
rich sol which has separated from an original 
single-phase polymeric dispersion (either a 
solution or a sol), leaving behind a polymer- 
poor sol or equilibrium liquid. The coacer- 
vate appears initially as a fine dispersion of 
microscopic droplets of polymer in the equi- 
librium liquid. When formed in a pure col- 
loidal system, these droplets are essentially 
homogeneously dispersed. However, if foreign 
materials are present in the original dispersion, 
the coacervate tends to form around these 
materials. Technically, the term "coacerva- 
tion " therefore relates to the process by which 
the liquid colloidal concentrate or coacervate 
is formed as a phase entity of the initial sol 
or solution. In its practical aspect, and as 
employed herein, " coacervation " relates to 
the process by which "foreign" materials 
present in the sol when the coacervate is 
formed are enveloped or encapsulated by the 
coacervate. Where the coacervate consists of 
a single colloid, as herein, the process is 
termed "simple coacervation where more 
than one colloid is present in die coacervate, 
the process is called " complex coacervation 

Coacervation has long been known as a 
phenomenon primarily of academic interest, 
and only in recent years has it been developed 
in certain limited aspects for commercial 
utilization. However, even with this renewed 
interest in the subject, the technique has been 
successfully described only for the coating of 
oil droplets per se and of oil droplets con- 
taining dissolved or dispersed materials. 
British Patent Specification 751,oX)0 discloses 
methods for encapsulating oil droplets by co- 
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acervate coatings of the complex and simple 
types. Although the said patent describes the 
formation of coacervates from an oA-in-water 
emulsion, only the oil phase is actually en- 
5 capsulated by the coacervate. Prior to the 
present invention, the encapsulation of an 
intact emulsion of any type by a co acervate 
had not heen reported, and the important 
advantages of a cuacervatecoated emulsion in 
10 -which the phases thereof contain dissolved or 
suspended active ingredients as hereinafter 
specified were not heretofore available. In 
addition, no method was .known -whereby a 
coacervate could be deposited on any surface, 
emulsion or otherwise, displaying hydrophilic 
qualities or being nominally hydrophilic in 
character, as, for example, an aqueous or a 
water-soluble surface. 
It has now teen unexpectedly found, how- 
20 ever, that a hydrophilic surface, as for ex- 
ample, an aqueous surface, presented by the 
external phase of an emulsion, can be adapted 
to receive a coacervate membrane by pro- 
viding at least one thickening agent, as herein 
25 defined, in the hydrophilic liquid or aqueous 
external phase of the said emulsion. The 
presence of tne thickening agent, in necessary 
conjunction with the oil comprising the inter- 
nal phase, in some unknown manner imparts 
30 to the outer surface of the external phase the 
surface characteristics required for coacervate 
deposition by rendering it lipophilic, or, at 
least, less hydrophilic than water. 

The term "hydrophilic liquid" is herein 
35 intended to refer to water, aqueous solutions 
or suspensions, and non-aqueous solutions or 
suspensions immiscible in the oil phase of 
the primary emulsion. As used herein the 
term "active ingredient" refers to material 
40 which may be included in either or both 
phases of the primary emulsion and which 
does not substantially affect either the ernul- 
sification or coacervation process. 
La addition to emulsions containing soluble 
45 or suspendable active ingredients in the hydro- 
philic liquid phase, the coacervates herein, by 
practice of the present mvehtkra, can be de- 
posited about any oU-in-hyo^ophilic liquid 
emulsion containing dissolved or suspended 
50 active ingredients in the internal oil phase. 
The active ingredients to be dissolved or sus- 
pended in either the hydrophilic liquid or the 
oil phases are limited in selection only by the 
solubility, suspending characteristics or com- 
55 patibflity of die ingredients in both phases. 
The present process and products resulting 
therefrom afford a new approach to the pro- 
vision of impermeable coatings of high strength 
or coatings which permit a gradual release of 
60 contents for water-soluble materials broadly, 
a problem which has heretofore resisted solu- 
tion by the known techniques of coacervation. 
For example, encapsulated emulsion particles 
can be prepared containing appropriate active 
65 ingredients in the emulsion phases for use as 



sustained release fertilizers, plant growth hor- 
mone preparations and pesticides such as 
fungicides, nematoddes, bactericides, viricides 
and the like for agricultural use. In addition, 
active ingredients can be. incorporated in pre- 70 
mixed foods winch could not normally be 
included because of the loss on drying, the 
encapsulated ingredients being liberated by 
the shearing force exerted in a mixing step 
prior to actual use. Similarly, vitamins, not- 75 
ably combinations of water-soluble and oil- 
soluble vitamins, can be incorporated into 
dry ceral preparations for release in the body. 
Cosmetics can be prepared in which the 
topical agent is enclosed by impermeable but SO 
readily destructible coacervate shells. Phar- 
maceutical materials can be encapsulated for 
sustained release or delayed release in the 
body upon contact with a predetermined pH 
environment or enzyme system, or where 85 
stability, odoor, taste or incompatibility pro- 
blems are present. Such materials can be 
enclosed in coatings suitable for ; oral, topical or 
injectable nse by regulation of the particle 
size and coating thickness, permeability and 90 
hardness, or by selection of coating com- * 
ponents. Insecticides with selective toxicity 
for insects but which are relatively non-toxic 
toward humans can be encapsulated, for ex- ; 
ample, with coacervate coatings which are 95 
highly impermeable except in the presence of 
enzymes of the insects. Rodenticides which 
are effective an ingestion by the animals but 
which have odours that forewarn or repel 
them can likewise be coated by the method 100 
of this invention with virtually complete im- 
permeability with respect to the odour. 

As employed herein, the term "primary 
emulsion" is intended to refer to the oil-in 
hydrophilic liquid emulsion initially formed 105 
from the hydrophilic liquid, with or without 
dissolved or suspended active ingredients, and, 
as the internal phase, the selected oil, with 
or without dissolved or suspended active 
ingredients. The selection of the oil is not 110 
critical and is dependent on the function to 
be served by the oil, i.e., as a solvent or 
suspending medium or as the external phase 
of the emulsion. Thus, virtually any animal, 
vegetable, mineral or synthetic oil can be 115 
employed for this purpose. Lanolin, corn oil, 
soybean oil, castor oil, cod liver oil and mineral 
oil are examples of such oOs. The conven- 
tional emulsifying agents, such as esters of 
polyhydric alcohols, sorbitan derivatives and 120 
polyoxyethylene derivatives, are usually em- 
ployed in preparing the emulsion. Selection 
of the particular surface active agent or com- 
bination of agents useful in preparing any 
particular emulsion can advantageously be 125 
made by reference to the HLB (hydro- 
philelipophile balance) system, as described 
in Remington's Practice of Pharmacy, 11th 
edition, Mack Publishing Company, 1956, 
page 191. As with all emulsion formation 130 
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problems, selection of the most suitable agents 
must ultimately be based on trial. Accordingly, 
a sample of the final emulsion should be 
checked, fcr example, by diluting and agitating 
with a relatively large volume of water, to 
determine that a stable emulsion of the type 
desired has actually been obtained. If a 
stable emulsion has been obtained, an emul- 
sion is formed on dilution, but if the emul- 
sion obtained was unstable, then on dilution 
the oil particles rise to the surface. 

The term "thickening agent" as used 
herein refers to materials which are sub- 
stantially insoluble in the oil phase of the 
primary emulsion and which will cause the 
external phase of the primary emulsion to 
have a surface which is l^opliiDc, or, at feast, 
less hydrophilic than water. This permits 
a coacervate to deposit thereon ; The pre- 
sence of one. or more thickening agents in 
the external phase of the primary emulsion is 
an essential element of this invention. To be 
operative in facilitating coacervation, however, 
these thickening agents require the presence 
of oil as internal phase, there being an as 
yet undetermined relationship or interdepen- 
dence between the thickening agents and the 
oils. It is also frequently ; advantageous to 
include a thickening agent in the coacervating 
solution, as hereinafter defined. Suitable 
materials constituting the thickening agents 
hereof embrace the known natural and syn- 
thetic mickening agents (including derivatives 
of both), specifically including those alluded 
to in ''Thickening Agents Used In 
Pharmacy by Charles H. Becker, American 
Professional Pharmacist 20: 939 (October) 
1954, as acacia, tragacanth, methyl cellulose, 
carbpxymethyicellulose, and magnesium alu- 
minum silicate, as well as other thickening 
agents such as the polygiyccls, glycerin, and 
syrups. The specific amounts of these materials 
may vary with the particular agent and system 
involved and can be readily determined by 
routine experimentation. A range of from 
about 1 to about 20% by weight, based on 
the volume of the hydrophilic liquid phase, 
broadly represents a practicable range, with 
from about 5 to about 10% being preferred in 
most instances. 

The term " coacervating colloid n is herein 
intended to refer to a gelable hydrophilic 
colloid in which, in the process of the inven- 
tion, is employed in the form of an aqueous 
sol, or solution, which, on the addition of a 
"coacervating agent", forms a liquid colloid- 
rich and a colloid-poor phase, the colloid-rich 
pha/se depositing about single or aggregated 
emulsion particle* of the primary emulsion 
dispersed in the "coacervating solution", the 
colloid-poor phase constituting the equilibrium 
liquid. Suitable gelable hydrophilic colloids 
include gelatin, agar-agar, albumen, alginates, 
casein, pectins, starch, and fibrinogen, the pre- 
ferred colloid being gelatin. The ultimate thick- 



ness of the coacervate enclosing the secondary 
emulsion particles will depend on the amount 
of colloid available for formation of the coacer- 
vate and the surface area of secondary emul- 
sicn particles to be encapsulated. 70 

The term "coacervating agent" herein 
refers to materials capable of initiating the 
separation of a colloid-rich phase and a colloid- 
poor phase from an original single phase 
colloidal soJ for solution). Such substances 75 
contemplated by the term coacervating agent 
include (1) aqueous solutions of electrolytes, 
including organic and inorganic salts, e.g., 
salts having alkali or alkali-metal cations such 

ammonium, magnesium, and potas- 8C 
sium, and organic or inorganic anions such 
as sulphate, phosphate, acetate, and formate, 
and (2) liquids which are water-soluble and 
in which the coacervating colloid is less soluble 
than in water. A critical concentration of each 85 
ccaccrvating agent exists below which co- 
acervation will not occur. This concentration 
must be determined for each combination of 
coacervating colloids and coacervating agent 
by routine testing. ° w 90 

The term "coacervating solution" as used 
herein applies to the mixture of the coacervat- 
ing agent and the sol or solution of the co- 
acervating colloid, both as defined above, with 
o r without a tMdcening agent, prior to the 95 
separation of the aforesaid colloid-rich phase 
(coacervate). 

The term ** secondary emulsion " refers to 
the emulsion formed when the primary emul- 
sion is added to the coacervating solution be- 100 
fore coacervation takes place. The secondary 
emulsion comprises the primary emulsion dis- 
persed in the coacervating solution and exists 
as an entity of the mixture only until a co- 
acervate is formed about the particles of the 105 
secondary emulsion. 

In the preferred embodiment of this inven- 
tion, a primary oil-in-water emulsion is pre- 
pared by emulsifying (1) a vegetable oil such 
as corn oil into (2) approximately an equal 110 
volume of an aqueou3 solution containing the 
deured active ingredient, together with a small 
quantity of methyl cellulose as a thickening 
agent. The preparation of the. emulsion is 
carried cut at approximately 55° C A gelatin 115 
sol and the primary emulsion are introduced 
as a single stream into a sodium sulphate solu- 
tion (coacervating agent) containing acacia 
(thickening agent) under constant and vigorous 
stirring to produce the secondary emulsion, 120 
the temperature being maintained at approxi- 
mately 55° C throughout the period of mix- 
ing. Coacervation occurs rapidly on contact 
of the gelatin and the primary emulsion with 
the sodium sulphate, the secondary emulsion 125 
existing only momentarily in the coacervating 
solution. The temperature of the equilibrium 
liquid containing the coacervate is then re- 
duced to 5° C. over a period of about 30 
minutes to gel the coacervate. After adjust- 130 
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ing the pH to the alkaline side, formaldehyde 
is added to the equilibrium liquid containing 
the now gelled coacervate to harden die co- 
acervate, and the hardened coacervate is then 
5 filtered from the equmT)rium liquid, washed 
and dried to give small particles of encapsu- 
lated emulsion. 

In the preparation of die primary emulsion, 
the conventional emulsifying agents are norm- 

10 ally employed, as previously mdkatccL to 
facilitate the; establishment of and contribute 
to the stability of the. primary emulsion, as 
well as to assure that the correct type of 
emulsion, i.e. y oil-inrhydrophilic liquid, is 

15 obtained. Since the size of the final en- 
capsulated emulsion particles, depends in part 
on the size of the emulsion droplets of the 
primary emulsion, the degree of dispersion of 
the oil in the hydrophilic Hquid should be 

20 regulated in accord with the desired particle 
size of the ^ultimately obtained coacemte. 

The temperature at which the primary 
emulsion is jprepared is of little consequence 
with respect to the functioning of the present 
25 process. However, it is necessary that the 

re at which coacervation is carried 



out be above the gel point of the coacervating 
colloid and within or closely approaching the 
gelling or tb'doening range of the thickening 

30 agent present in the hydrophilic liquid phase 
of the primary emulsion. Where methyl cellu- 
lose is employed as the thickening agent, the 
temperature of the coacervating solution should 
be about 50° C. provided that this tempera- 

35 ture is above the gel point of the coacervating 
colloid. After the coacervate shell has en- 
veloped the emulsion particles, die tempera- 
ture is lowered below the gel point of the 
coacervating colloid Where gelatin is em- 
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temperature to 30° Q or lower, depending on 
the type of gelatin used, preferably to about 
5° C, will produce the desired gelation. 

As indicated = previously, the secondary 
emulsion exists during the interval between 
the first contact of all ingredients of the co- 
acervating: solution and the actual formation 
of the coacervate. The secondary emulsion 
consists of particles of the primary emulsion 
dispersed in the coacervating solution. If 
the primary emulsion and the solution of the 
electrolyte are added to the aqueous solution 
of the coacervating colloid, the secondary 
emulsion will persist until the concentration 
of the coacervating agent reaches the neces- 
sary level at which coacervation will occur. 
Where, for example, sodium sulphate solution 
is employed as the electrolyte, the critical 
concentration with gelatin as the coacervating 
colloid has been found to be approximately 
7%. However, where, as by the preferred 
sequence, the coacervating colloid and the 
primary emulsion are added together to the 
electrolyte, a sufficient concentration of the 



coacervating agent is present at all times 
during the said addition, and accordingly the 
secondary emulsion persists for only a short 
interval before coacervation takes place. Where 
the coacervating agent is a solvent in which 
the colloid is less soluble than it is in water, 
the solvent is added slowly to a mixture of 
the primary emulsion and the coacervating 
colloid with constant stirring to form the 
secondary emulsion; When the critical con- 
centration range is reached for the particular 
colloid and solvent involved, coacervation will 
occur. Throughout either of the above pro- 
cedures, the temperature must be above the 
gel point of the coacervating colloid. 

The ultimate particle size of the coacemte 
product is dependent in part, as heretofore 
indicated, an the degree of dispersion or size 
of the ofl particles of the : primary emulsion. 
In addition, die particle size is of course a 
function of the thickness of the coacervate 
coating. Also of importance in this regard 
is the degree of dispersion of the primary 
emulsion and coacervating colloid in the co- 
acervating solution. The more complete and 
rapid the mixing, die smaller are the secon- 
dary emulsion droplets that are presented 
as. nuclei about which the coacervate will 
form, and hence the smaller will be the final 
coacervate units. 

The g elling step ; is significant with respect 
to the permeability of the coacervate mem- 
brane. With many coacervate systems, instan- 
taneous gelling of the warm coacervate, as by 
adding the warm coacervate to ice water, pro- 
duces a coacervate membrane having high per- 
meability. A prolonged period of slow cool- 
ing also favours a membrane of high pre- 
meability. With many coacervate systems the 
lowest permeability (or highest impermeability) 
is obtained with intermediate cooling rates. 
Thus, a highly impermeable coacervate coating 
is produced in the case of a gelatin coacervate 
on cooling the newly-formed coacervate to 
about 5° C in a period of approximately 30 
minutes with continuous stirring. 

Following gelation of the liquid coacervate, 
the gelled coacervate optionally can be 
hardened, plasticized or otherwise treated to 
adapt it to the intended use. Treating the 
gelled coacervate for about 1 hour, with, for 
example, a, 37% aqueous solution of form- 
aldehyde under alkaline conditions produces a 
hardened coacervate shell which can then be 
dried. 

Variations in the hardness of die coacervate 
shell can be obtained by varying the quantity 
of hardening agent and/or the period of con- 
tact therewith. Hardening likewise has con- 
siderable influence on the permeability of the 
coacervate, both with respect to the invasion 
of environmental fluids which would cause 
disintegration of the coating and to the con- 
tainment of active ingredients which would 
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otherwise impart undesirable odour or taste 
characteristics to die product 

The finally treated coaeervate can be separ- 
ated by antrifuging, filtering, decanting or 
the like. This can be followed by drying 
by known methods, as by spray drying, freeze 
drying, air drying, or direct heating, optionally 
preceded by a washing step, to obtain a pro- 
duct essentially free of surface moisture. Such 
a product can then be formulated as a dry 
material. 

A convenient and informative test for the 
integrity of a coaeervate coating produced 
by the method of the present invention in- 
volves the incorporation of a soluble dye in 
the hydrophilic liquid phase of the primary 
emulsion. The coaeervate is formed in the 
manner described and the resulting material, 
after gelling and,' optionally, after hardening, 
is dispersed or immersed in the test liquid. 
The liquid is gently stirred to thoroughly ex- 
pose all coaeervate surfaces. Any dye escap- 
ing from the hydrophilic liquid phase through 
the coaeervate shell is readily detectable in 
the test liquid. 

The following examples are illustrative of 
the process and products of the present inven- 
tion but are not to bp construed as limiting 
the scope of the invention. 

Example 1. 
An oiHn-water emulsion is prepared by 
emulsifying at 50° C, 50 ml. of corn oil 
into 50 ml. cf water containing 2.5 gm. of 
methyl cellulose. A gelatin sol comprising 
25 gm. of gelatin and 250 ml, of water is 
-heated to 50° C, mixed with the emulsion, 
and added slowly to 250 ml. of a 20% sodium 
sulfate solution, also heated to 50° C. The 
sodium sulphate solution is vigorously stirred 
throughout the period of addition. The tem- 
perature of the mixture is lowered to 5° C 
to gel the coaeervate. Sufficient 10% sodium 
hydroxide solution is added to bring the pH 
to .9.5, followed by hardening of the coaeer- 
vate with 25 ml. of 37% formaldehyde solu- 
tion for 1 hour. The hardened coaeervate 
is then filtered, washed and air dried at 80° 

a 

Example 2. 
Following the procedure of Example 1 
but substituting the same quantities of peanut 
oil for the corn oil, tragacanth for the methyl 
cellulose, potassium chloride for the sodium 
sulphate and fibrinogen for the gelatin, there 
is produced a coaeervate having substantially 
the same properties as the coaeervate produced 
therein. 

Example 3. 
An oil-m-water emulsion is prepared by 
emulsifying, at 50° C, 33 ml. of mineral 
oil into 25 ml. of water containing 2 gm. 
of magnesium aluminum silicate and 0.5 gm. 
alizarin cyanide green. A gelatin sol is pre- 
pared at 50° C from 12.5 gm. of gelatin and 



125 ml. of water and is thoroughly mixed with 65 
the emulsion. The remaining mixture is added 
slowly to 125 ml. of a 20% sodium sulphate 
solution containing 37 gm. of acacia, the 
sodium sulphate solution being vigorously 
agitated throughout the period of addition 70 
to facilitate coaeervate formation. The tem- 
perature of the eqinlibrium liquid containing 
the coacervate-coated emulsion is lowered to 
5° G and 10% sodium hydroxide is added 

t0 , flZr*^ of ** Thereafter, 12 J ml. 75 
ot 37% formaldehyde solution is added to 
harden the coaeervate shell. After 5 hours, 
the resulting product is filtered from the mix- 
ture, washed and spray dried at 80° C. 
(exhaust temperature). 80 

Exposure of the above coaeervate to acid 
and alkaline test solutions indicates that a 
highly impermeable coating has been obtained. 

Example 4. 

Following the procedure of Example 3 but 85 
substituting lanolin for the mineral oil as the 
oil phase of the oil-in-water emulsion, car- 
boxymethylceliulose for the magnesium alu- 
minum silicate as the. thickening agent for 
the water phase of the primary emulsion, 90 
ammonium phosphate for the sodium sulphate 
as the coacervating agent, agar-agar for the 
gelatin as the coacervating colloid, and traga- 
canth for the acacia as the thickening agent for 
the coacervating solution is productive of a 95 
coaeervate having properties similar to those 
obtained therein. 

Example 5. * 
An oil-in-ethyl alcohol emulsion is prepared 
by emulsifying, at 50° C, 33 ml. of peanut 100 
oil into 25 ail. of ethyl alcohol containing 2 
gm. of methyl cellulose. A fibrinogen sol is 
prepared at 50° G from 12.5 gm. of fibrinogen 
and 125 ml. of water and is thoroughly mixed 
with the emulsion. The resulting mixture 105 
is added slowly to 125 ml. of a 20% sodium 
sulphate solution containing 37 gm. of acacia, 
the sodium sulfate, solution being vigorously 
agitated throughout the period of addition to 
facilitate the formation of the coaeervate. The 110 
temperature is lowered to 5° C. to gel the 
coaeervate and 10% sodium hydroxide is 
added to bring the pH to 9.5. Thereafter, 
12.5 ml. of 37% formaldehyde solution is 
added to harden the coaeervate shell. After 115 
standing for 5 hours, the resulting product is 
filtered from the mixture, washed and freeze 
dried at 40° C. and 0.01 mm. mercury 
vacuum. 

The procedures of Examples 1 through 5 120 
are likewise operable with other thidcening 
agents for the hydrophilic liquid as previously 
described which impart to the external phase 
a Quality which enables a coaeervate to de- 
posit thereon. Specifically, for example, equi- 125 
vaknt amounts of acacia, tragacanth, carboxy- 
methylcellulose, magnesium aluminum silicate, 
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the polyglycols, glycerin, and syrups can be 
employed. 

WHAT WE CLAIM IS:— 

1. A process for coating particles of an oil- 
5 in h ydrop hilic liquid emulsion which com- 
prises farming a primary oil-in-hydroplrilic 
liquid emulsion containing at least one thicken- 
ing agent in die hydrophilic liquid phase and 
dispersing the said primary emulsion in a 

10 coacervating solution comprising a coacervat- 
ing agent and an aqueous sol or solution of a 
coacervating colloid as herembefore defined 
at a temperature above the gel point of the 
coacervating colloid to form a secondary emul- 

15 sion whereby a coacervate is deposited about 
the particles composed of the primary 
emulsion. 

2. A process as claimed in Claim 1 wherem 
the hydrophilic liquid and/or the oil used in 

20 forming the primary oil-in-lrydrophflic liquid 
emulsion contains dissolved or suspended 
active ingredients as hereinbefore specified. 

3. A process as claimed in Claim 1 or 2 
wherein the primary oft-m^vdrophilic liquid 

25 emulsion is formed by emulsifying an animal, 
vegetable, mineral or synthetic oil and the 
hydrophilic liquid in the presence of an emul- 
sifying agent, 

4. A process as claimed m any preceding 
30 c*ai*Ti in which the coacervating solution con- 
tains a thickening agent. 

5. A process as claimed in Claim 4, in 
which the tWdcening agent is methyl cellulose, 
carbozymethyl cellulose, acacia, tragacanth ox 

35 magnesium aluminium silicate. 

,6. A process as claimed in any preceding 
rlqtm in which the hydrophilic liquid of the 
primary emulsion is water. 

7. A process as claimed in any preceding 
40 cl aim in which the coacervating colloid is 

gelatin, fibrinogen or agar-agar. 

8. A process as claimed in any preceding 
daim in which the medium containing the 
coaoervate coated particles is cooled to gel 

46 the coacervating colloid. 

9. A process as claimed in Claim 8 wherein 
the coated particles are separated by cenrri- 
fuging, filtering or decanting and then sub- 



jected to spray drying, freeze drying, air 
drying or direct heating. 50 

10. A process for coating particles of a 
primary oil-m^water emulsion which comprises 
preparing a primary oB-in-water emulsion by 
emulsifying a vegetable oil into about an equal 
volume of an aqueous solution containing an 55 
active ingredient as hereinbefore specified with 
methyl cellulose, introducing a gelatin sol and 
the primary emulsion in a single stream into an 
agitated sodium sulphate solution containing 
acacia at a temperature maintained at about 60 
55° centigrade throughout the period of mix- 
ing, reducing the temperature to 5° centigrade 
over a period of about 30 minutes to gel 

the coacervate, adjusting the pH to alkaline 
and adding formaldehyde to the equilibrium 65 
liquid containing the now gelled coacervate 
to harden the latter, and then filtering the 
coacervate from the equilibrium Squid 
and washing and drying to give small particles 
of encapsulated emulsion. 70 

11. A process as claimed in Claim 12 
wherein the vegetable oil used is corn oil and 
the formation of the primary emulsion is 
carried out at about 55° centigrade in the 
presence of an emulsifying agent 75 

12. A capsule comprising an oil-in-hydro- 
pMTic liquid emulsion enclosed in a simple 
coaoervate coating, the coacervating component 
of which is a gelable hydrophilic colloid. 

13. A capsule as claimed in Claim 12 in 80 
which the IryuYophilic liquid is water. 

14. A capsule as claimed in Claim 12 or 
13 in which the ofl-in-hydrophilic liquid emul- 
sion contains an active ingredient as herein- 
before specified dissolved or suspended 85 
therein. 

15. A process for the preparation of an 
encapsulated oH-in-hydrophitic liquid emulsion 
substantially as herein described with reference 

to any of the examples. 90 

16. An encapsulated oil-in-hydrophilic liquid 
emulsion when prepared by a process as 
claimed in any of Claims 1 to 11 or 15. 

For the Applicants: 
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